Atty. Dkt. 2018-873 
69484-US-HH/ns 



U.S. PATENT APPLICATION 



Inventor(s): Jun KONDO 

Tadashi NISHIWAKI 



Invention: PIPE JOINT STRUCTURE AND METHOD OF ASSEMBLING SAME 



NIXON & VANDERHYE P.C. 
ATTORNEYS AT LAW 
1100 NORTH GLEBE ROAD, 8™ FLOOR 
ARLINGTON, VIRGINIA 22201-4714 
(703) 816-4000 
Facsimile (703) 816-4100 



SPECIFICATION 



PIPE JOINT STRUCTURE AND METHOD OF ASSEMBLING SAME 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the benefit 
5 of priority of Japanese Patent Applications No. 2003-103129 
filed on April 7 , 2003, NO. 2003-151217 filed on May 28, 2003 
and NO. , 2004-54842 filed on February 27, 2004, the contents 
of which are incorporated herein by reference. 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a pipe joint structure 
or a method of assembling main parts of the pipe j oint structure 
in which a distribution pipe is joined to a vessel for 

15 accumulating fluid, in particular, applicable to a pipe joint 
structure including a vessel for accumulating high pressure 
fluid such as a common rail body in a common rail type fuel 
injection system. 

20 2. Description of Related Art: 

It is known that a pipe joint structure in which a 
distribution pipe (such as a distribution pipe for a high 
pressure pump or a distribution pipe for an inj ector) is j oined 
to a common rail body Jl for accumulating high pressure fuel, 

25 as shown in Figs. 14 to 16. In the pipe joint structure shown 
in Figs. 14 to 16, the common rail body Jl is provided with 
a conical shaped pressure receiving seat J2 . A conical portion 
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J4 formed at: an axial end of a distribution pipe J3 (refer 
to Fig. 14 and Fig. 16) or a conical portion J6 formed at an 
axial end of a distribution pipe extension cylinder J5 (refer 
to Fig. 15) is pressed against the pressure receiving seat 
5 J2 of the common rail body Jl . A contact surface between the 
pressure receiving seat J2 and the conical portion J4 or J6 
constitutes a fluid tight sealing surface J7 . 

A cylindrical screw threaded joint fitting J8 is fixed 
by welding to the common rail body Jl . A distributor pipe 

10 screw fastening nut Jll, which is assembled in advance to the 
distribution pipe J3 , is screwed on to a threaded surface J10 
of the screw threaded joint fitting J8 in a state that the 
distributor pipe screw fastening nut Jll abuts against a step 
portion J9 at a back of the conical portion J4 . By fastening 

15 the distributor pipe screw fastening nut Jll into the threaded 
surface J10 of the screw threaded joint fitting J8 , the conical 
portion J4 of the distribution pipe J3 (or the conical portion 
J6 of the distribution pipe extension cylinder J5) is strongly 
pressed against the pressure receiving seat J2 of the common 

20 rail body Jl to form a main body sealing surface J7 . 

In the structure mentioned above , if a mounting position 
of the screw threaded joint fitting J8 to the common rail body 
Jl is shifted, it becomes very difficult to form the main body 
sealing surface J7 since the conical portion J4 or J6 does 

25 not coincide accurately with the pressure receiving seat J2 . 

Accordingly, in the conventional structure , the screw threaded 
joint fitting J8 has to be mounted on the common rail body 
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Jl with higher dimensional accuracy. To satisfy this 
requirement, dimensions of parts constituting the common rail 
body Jl and the screw threaded joint fitting J8 have to be 
highly accurate and it is necessary to use expensive welding 
5 technology such as laser welding technology, which results 
in higher manufacturing cost. 

Further, it is preferable that the common rail body Jl 
is made of material having higher hardness such as middle or 
high carbon steel since the common rail body Jl has to endure 

10 extremely high pressure. However, though the middle or high 
carbon steel can be bonded by resistance welding which is not 
expensive, they can not be bonded by the laser welding whose 
welding accuracy is high. If low carbon steel is used for 
the common rail body Jl , the laser welding is usable . However, 

15 a body size of the common rail body Jl has to be enlarged to 
ensure high pressure endurance. 

Furthermore, in the conventional structure in which the 
distribution pipe J3 or the distribution pipe extension 
cylinder J5 is inserted and positioned inside the screw threaded 

20 joint fitting J8 , a larger size of the distributor pipe screw 
fastening nut Jll is required. This gives inconvenient on 
installation to a vehicle. If a smaller size (for example, 
thread size is M12) of the distributor pipe screw fastening 
nut Jll is used for a purpose of easier installation, thinner 

25 wall thickness of the screw threaded joint fitting J8 is 
required, which may cause insufficient strength of the screw 
threaded joint fitting J8 . 
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SUMMARY OF THE INVENTION 
An object of the present invention is to provide a pipe 
joint structure in which a distribution pipe is fluid tightly 
joined to a vessel for accumulating fluid (such as a common 
5 rail body) , even if a mounting position of a main part such 
as a screw threaded joint fitting to the vessel is shifted. 

Another object of the present invention is to provide 
a method of easily assembling the main parts in the pipe joint 
structure . 

10 To achieve the above object, a pipe joint structure is 

composed of a vessel, a joint fitting member, a joint member, 
a distribution pipe and a mounting nut . The vessel is provided 
at an outer circumference thereof with a first flat surface 
and at a circumferential wall thereof with a through-hole whose 

15 one end is opened to the first flat surface and whose another 
end is opened to an interior thereof. The joint fitting member 
is provided in an interior thereof with an insertion hole whose 
inner diameter is larger than inner diameter of the through-hole 
and at one of an inner circumferential wall of the insertion 

20 hole and an outer circumferential wall thereof with a first 
screw thread. This joint fitting member is bonded to the 
vessel in such a manner that the first flat surface positioned 
radially inside the insertion hole surrounds an entire outer 
periphery of the through-hole opened to the first flat surface . 

25 The joint member is provided with an insertion portion having 
a second flat surface formed at an axial end thereof, and with 
a pipe connection portion having a conical pressure receiving 
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seat formed at another axial end thereof and a pipe mounting 
screw thread at an outer circumference thereof . The insertion 
portion and the pipe connection portion are provided through 
central parts thereof with a fluid passage whose one end is 
5 opened to the second flat surface and whose another end is 
opened to the conical pressure receiving seat. The 
distribution pipe is provided at an end thereof with a conical 
portion. The mounting nut is fastened into the pipe mounting 
screw thread in a state that the conical portion is pressed 

10 against the conical receiving seat. 

In the pipe joint structure mentioned above, the joint 
member is further provided at one of a position inside the 
inner circumferential wall of the insertion hole and a position 
outside the outer circumferential wall of the joint fitting 

15 member with a second screw thread screwed into the first screw 
thread so that the insertion portion is inserted deep into 
the insertion hole. Accordingly, the second flat surface is 
pressed against and in fluid tight contact with the first flat 
surface in a state that the fluid passage communicates with 

20 the through-hole . 

According to the pipe joint structure mentioned above, 
even if a mounting position of the joint fitting member to 
the vessel is slightly shifted, fluid tight sealing between 
the first and second flat surfaces is assured, since the second 

25 flat surface is pressed against and in fluid tight surface 
contact with the first flat surface. 

Accordingly, higher dimensional accuracy of the parts 
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such as the j oint fitting member and the vessel is not required, 
which results in reducing a manufacturing cost. 

Further, as the joint fitting member can be bonded to 
the vessel by inexpensive bonding means such as resistance 
welding or blazing without using the expensive laser welding. 

Furthermore, the joint fitting member and the vessel 
can be made of material having higher hardness such as middle 
or high carbon steel, which can be bonded to each other by 
inexpensive bondingmeans such as resistance welding or blazing 
without using the expensive laser welding. As a result, a 
body size of the vessel such as the common rail body becomes 
more compact. 

Moreover, the distributor pipe is not inserted into the 
interior of the joint fitting member, which allows an outer 
diameter of the pipe connection portion of the joint member 
having the pipe mounting screw thread to be smaller so that 
the pipe joint structure is more compact. 

It is preferable that the first screw thread is a. female 
thread formed on the inner circumferential wall of the insertion 
hole and the second screw thread is a male thread formed on 
an outer circumference of the insertion portion. 

In case that the j oint member is further provided outside 
the outer circumferential wall of the joint fitting member 
with a cylindrical pipe, the first screw thread may be a male 
thread formed on the outer circumferential wall of the joint 
fitting member and the second screw thread may be a female 
thread formed on an inner circumference of the cylindrical 
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pipe. 

If the vessel is a common rail body for accumulating 
high pressure fuel in a common rail type fuel inj ection device , 
the fluid passage formed in the joint member may be provided 
5 inside with an orifice, which serves to reduce fluid flow 
pulsation generating in the distribution pipe. 

A packing plate having a packing through-hole 
constituting a part of the fluid passage may be disposed between 
the first and second flat surfaces so that the second flat 

10 surface is pressed against and in fluid tight contact with 
the first flat surface via the packing plate. The packing 
plate serves to further ensure the fluid tight sealing between 
the vessel and the joint member. 

When the joint member is assembled to the joint fitting 

15 member, the insertion portion is inserted deep into the 
insertion hole until the second flat surface is pressed against 
and in fluid tight contact with the first flat surface by, 
after holding an end of the pipe connection portion and a part 
of the outer circumference thereof on a side of the conical 

20 pressure receiving seat, rotating the joint member relative 
to the joint fitting member so as to screw the second screw 
thread into the first screw thread. 

It is preferable, in this case, to use a stad bolt 
fastening wrench having a box and a tool for rotatably driving 

25 the box. An inner surface of the box is screw fastened to 
the pipe mounting screw thread until an inner bottom of the 
box comes in contact with the end of the pipe connection portion 
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so that the end of the pipe connection portion and the outer 
circumference thereof on a side of the conical pressure 
receiving seat is held by the box. Then, the box is turned 
by the tool so as to apply a rotatingmoment to the pipe connection 
portion so that the joint member is rotated relative to the 
joint fitting member so as to screw the second screw thread 
into the first screw thread. 

According to the method mentioned above, it is not 
necessary to have a wrench engaging portion such as hexagonal 
nut in the joint member and the first and second screw threads 
can be fastened to each other in use of the wrench to be engaged 
directly with the pipe mounting screw thread provided in the 
joint member. 

A part of the fluid passage positioned in the pipe 
connection portion immediately adjacent to the conical 
pressure receiving seat may be formed in hexagonal shape. In 
this case, the first and second screw threads can be fastened 
to each other in use of a wrench having a hexagonal shaped 
head to be engaged with the hexagonal hole. 

As an alternative, the outer circumference of the pipe 
connection portion may be provided with a plurality of grooves 
spaced circumf erentially at given intervals and extending 
axially so as to cross the pipe mounting screw thread. In 
this case, the first and second screw threads can be fastened 
to eachother inuse of a wrench having a plurality of projections 
to be inserted into the grooves of the pipe connection portion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Other features and advantages of the present invention 
will be appreciated, as well as methods of operation and the 
function of the related parts, from a study of the following 
5 detailed description, the appended claims, and the drawings, 
all of which form a part of this application . In the drawings : 
Fig . 1 is a cross sectional view of a pipe j oint structure 
according to a first embodiment of the present invention; 

Fig. 2 is an elevation view of a joint member of the 
10 pipe joint structure according to the first embodiment; 

Fig. 3 is a system structure diagram of a common rail 
type fuel injection system incorporating the pipe joint 
structure according to the first embodiment; 

Fig. 4 is a cross sectional view of a pipe joint structure 
15 according to a second embodiment of the present invention; 

Fig. 5 is an elevation view of a joint member of the 
pipe joint structure according to the second embodiment; 

Fig. 6A and 6B are cross sectional views of pipe joint 
structures according to a third embodiment of the present 
20 invention; 

Fig . 7 is a cross sectional view of a pipe j oint structure 
according to a fourth embodiment of the present invention; 

Fig. 8 is a schematic cross sectional view of a stad 
bolt fastening wrench to be used in the pipe joint structure 
25 according to the fourth embodiment. 

Fig . 9 is a cross sectional view of a pipe j oint structure 
according to a fifth embodiment of the present invention; 
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Fig . 10 is a cross sectional view of a pipe j oint structure 
according to a sixth embodiment of the present invention; 

Fig . llisacross sectional view of a pipe j oint structure 
according to a seventh embodiment of the present invention; 

Fig. 12A is a top view of a joint member of a pipe joint 
structure according to an eighth embodiment of the present 
invention ; 

Fig. 12B is a cross sectional view of the joint member 
of Fig. 12A; 

Fig. 13A is a top view of a joint member of a pipe joint 
structure according to a ninth embodiment of the present 
invention ; 

Fig. 13B is a perspective view of the joint member of 
Fig. 13A; 

Fig. 14 is a cross sectional view of a conventional pipe 
joint structure as a prior art; 

Fig. 15 is a cross sectional view of another conventional 
pipe joint structure as another prior art; and 

Fig. 16 is a cross sectional view of a further conventional 
pipe joint structure as a further prior art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first embodiment of the present invention is described 
with reference to Fig. 1 to 3 . 

As shown in Fig. 3, a common rail type fuel injection 
system, for example, a system of injecting fuel to a four 
cylinder engine such as a diesel engine (not shown) , is composed 
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of a common rail 1, injectors 2, a supply pump 3, ECU 4 (Engine 
Control Unit) , EDU 5 (Engine Driving Unit) and so on. 

The common rail 1 is a pressure accumulation vessel in 
which high pressure fuel to be supplied to the injectors 2 
is accumulated. The common rail 1 is connected via a high 
pressure pump distribution pipe 6 to a discharge port of the 
supply pump for feeding high pressure fuel thereto through 
the high pressure pump distribution pipe 6 so that common rail 
pressure corresponding to a fuel injection pressure is 
accumulated therein. A plurality of injector distribution 
pipes 7 are joined to the common rail 1 for supplying high 
pressure fuel to the respective injectors 2. Details of a 
pipe joint structure in which the high pressure pump 
distribution pipe 6 or each of the injector distribution pipes 
7 is joined to the common rail 1 are described later. 

Apressure limiter 10 is mounted in a relief pipe 9 through 
which fuel is returned from the common rail 1 to a fuel tank 
8. The pressure limiter 10 is a pressure safety valve which 
is opened when fuel pressure in the common rail 1 exceeds a 
predetermined value so that the fuel pressure in the common 
rail 1 is always below the predetermined value. 

A pressure reducing valve 11 is mounted on the common 
rail 1 . The pressure reducing valve 11 is opened upon receiving 
a valve opening instruction signal from ECU 4 so that common 
rail pressure is quickly reduced through the relief pipe 9. 
With the pressure reducing valve 11 mounted on the common rail 
1, ECU 4 can control quickly to reduce the common rail pressure 
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to pressure responsive to vehicle running conditions. 

Each of the injectors 2 is installed in each of cylinders 
of the engine for injecting fuel to the each of cylinders and 
connected to each downstream end of the injector distribution 
pipes 7 which arebranched out of the common rail 1 . The inj ector 
2 has a fuel injection nozzle for supplying to the cylinder 
of the engine high pressure fuel accumulated in the common 
rail 1 and an electromagnetic valve in which a lift of a needle 
accommodated in the fuel inj ection nozzle is controlled . . Fuel 
leaked from the injectors 2 is returned to the fuel tank 8 
via the relief pipe 9. 

The supply pump 3 is a pump for feeding fuel under high 
pressure to the common rail 1 . A feedpump (not shown) , through 
which fuel in the fuel tank 8 is sucked via a filter 12 to 
the supply pump 3, is provided in the common rail type fuel 
inj ection system . The supply pump 3 compresses the fuel sucked 
by the feed pump and high pressure fuel is delivered to the 
common rail 1 . The feed pump and the supply pump 3 are driven 
commonly by a camshaft 13 . The camshaft 13 is rotatably driven 
by the engine . 

In the supply pump 3, SCV 14, which is a suction control 
valve, is installed in a fuel passage through which fuel is 
delivered to a pressure chamber for highly pressurizing fuel . 
Upon receiving a pump driving signal from ECU 4, SCV 14 is 
controlled to adjust an amount of fuel to be sucked to the 
pressure chamber so that a discharge amount of fuel to be 
delivered under high pressure to the common rail 1 is adjusted. 
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ECU 4 controls SCV 14 in such a manner that the common pressure 
is regulated to pressure responsive to the vehicle running 
conditions . 

ECU 4 has components (not shown) such as CPU, RAM and 
ROM and executes various calculation processes based on 
programs memorized in ROM and signals of sensors (vehicle 
driving condition signals) read in RAM. ECU 4 executes , for 
example, the calculation processes for determining a target 
injection amount, an injection pattern and valve opening and 
closing timings of each of the injectors 2 applicable to each 
of the cylinders based on the programs memorized in ROM and 
the signals of sensors (vehicle driving condition signals) 
read in RAM. 

EDU 5 is a drive circuit through which a valve opening 
current is applied to each electromagnetic valve of the 
injectors 2 based on the injector valve opening signals given 
from ECU 4. As soon as the valve opening current is applied 
to the electromagnetic valve, high pressure fuel injection 
to each of the cylinders 2 starts and, when application of 
the valve opening current to the electromagnetic valve stops, 
the high pressure fuel injection terminates. 

ECU 4 is connected to and receives signals from various 
sensors, which are means for detecting vehicle driving 
conditions, such as a pressure sensor 15 for detecting the 
common rail pressure, an acceleration sensor for detecting 
opening degree of a throttle valve, a revolution sensor for 
detecting engine revolution and a temperature sensor for 
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detecting temperature of engine coolant. 

The common rail 1 is composed of a pipe shaped common 
rail body 20 in which extremely high pressure fuel is 
accumulated, pipe joint bases 21 to which various distribution 
pipes such as the high pressure pump distribution pipe 6 and 
the injector distribution pipes 7 are joined, and mounting 
bases 22 to which various functional parts such as the pressure 
limiter 10, the pressure reducing valve 11 and the pressure 
sensor 15 are mounted . The pipe j oint bases 21 and the mounting 
bases 22 are provided in the common rail body 20. 

Though a shape of the common rail body 2 0 shown in Fig. 
3 is complicated, the common rail body 20 may be formed in 
shape of a uniform diameter pipe on which the pipe joint bases 
21 are axially arranged. In this case, the common rail body 

20 can be manufactured at lower cost because of use of 
inexpensive simple pipe material. 

As shown in Figs. 1 and 2, each of the pipe joint bases 

21 is composed of a joint fitting member 23 fixed to the common 
rail body 20 (the vessel) by welding and a joint member 24 
screw fastened and fixed to the j oint fitting member 23 . Each 
of the distribution pipes such as the high pressure pump 
distribution pipe 6 and the injector distribution pipes 7 
(hereinafter called the distribution pipe 6, 7) is connected 
to the joint member 24. 

The common rail body 20 is provided with an axially 
extending central hollow 25, at a circumferential wall thereof 
with a plurality of radially extending through-holes 26 axially 
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spaced at given intervals and at an outer circumference thereof 
with first flat surf aces 27 . An end of each of the through-holes 
26 is opened to the central hollow 25 and another end thereof 
is opened to each of the first flat surfaces 27. 

The joint fitting member 23 is formed in- a ring shape 
and has an insertion hole 28 whose inner diameter is larger 
than inner diameter of the through-hole 26. A first screw 
thread 29 (female screw thread) is formed at an inner 
circumferential wall of the insertion hole 28. The joint 
fitting member 23 is bonded by resistance welding and fixed 
to the first surface so that the insertion hole 28 and the 
through-hole 26 are positioned in roughly coaxially alignment . 

The joint member 24 is provided at a position on an end 
side thereof with an insertion portion 31 screw fastened to 
the insertion hole 28 of the joint fitting member 23 , a position 
on another end side thereof with a pipe connection portion 
32 to which the distribution pipe 6, 7 is connected, and at 
an intermediate position thereof with a large diameter 
hexagonal bolt head portion 33. 

The j ointmember 24 is further provided in a center thereof 
with a fluid passage extending to penetrate axially center 
parts of the pipe connection portion 32, the hexagonal bolt 
head portion 33 and the insertion portion 31 so that the 
through-hole 26 communicate with an inner passage 6a, 7a of 
the distribution pipe 6, 7 (the inner passage 6a of the high 
pressure pump distribution pipe 6 and the inner passage 7a 
of the injector distribution pipe 7) . 
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The inserting portion 31 is provided at an outer 
circumference thereof with a second screw thread 35 (male screw 
thread) screw fastened into the first screw thread 29 of the 
joint fitting member 23. As the second screw thread 35 is 
screwed deep into the first screw thread 29, the insertion 
portion 31 is inserted deep into the insertion hole 28. 

The insertion portion 31 is provided at an axial end 
thereof with a second flat surface 36 surrounding entirely 
an opening periphery of the fluid passage 34 and coming in 
contact with the first flat surface 27 of the common rail body 
20 . 

Due to the second screw thread 35 screwed into the first 
screw thread 29 so that the insertion portion 31 is inserted 
deep into the insertion hole 28, the second flat surface 36 
around the fluid passage 34 is pressed against and in contact 
with the first flat surface 27 around the through-hole 26 to 
form a fluid tight main body sealing surface 37 therebetween. 
Accordingly, the fluid passage 34 opened to the second flat 
surface 36 communicates with the through-hole 26 opened to 
the first flat surface 27. 

The pipe connection portion 32 is provided at an axial 
end thereof with a conical pressure receiving seat 39 against 
which a conical portion 38 formed at an end of the distribution 
pipe 6, 7 is pressed. The fluid passage 34 is opened to a 
bottom of the conical pressure receiving seat 39. 

The pipe connection portion 32 is provided at an outer 
circumference thereof with a pipe mounting screw thread 42 
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screwed into a pipe mounting female screw thread 41 formed 
in an inner circumference of a mounting nut 41. Since the 
pipe mounting screw thread 42 is screwed into the pipe mounting 
female screw thread 41 in a state that the mounting nut 41 
abuts against a step portion 43 at a back of the conical portion 
38, the conical portion 38 of the distribution pipe 6, 7 is 
pressed against and in contact with the conical pressure 
receiving seat 39 to form a fluid tight pipe sealing surface 
40 therebetween. 

According to the pipe joint structure mentioned above, 
the fluid tight sealing surface 40 is formed by pressing the 
second flat surface 36 of the insertion portion 31 against 
the first flat surface 27 of the common rail body 20 so that 
the first and second flat surfaces 27 and 36 come in surface 
contact with each other. Accordingly, even if the mounting 
position of the joint fitting member 23 is slightly shifted, 
the fluid tight sealing surface 37 can be assured without fail . 

The pipe joint structure mentioned above has the 
following advantages. 

(1) Since higher dimensional accuracy of the joint 
fitting member 23 and the common rail body 20 is not required, 
each manufacturing cost of the joint fitting member 23 and 
the common rail body 2 0 can be reduced. 

(2) Since it is not required that the mounting position 
of the joint fitting member 23 on the common rail body 20 is 
controlled with higher accuracy, the joint fitting member 23 
can be bonded to the common rail body 20 by inexpensive bonding 
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means such as resistance welding without using the expensive 
laser welding. Accordingly , cost of bonding the j oint fitting 
member 23 to the common rail body 20 is reduced. 

(3) It is preferable that the common rail body 20, which 
has to endure extremely higher pressure, is made of material 
having higher hardness such as middle or high carbon steel. 
The middle or high carbon steel can be bonded by inexpensive 
bonding means such as resistance welding but can't be bonded 
by the expensive laser welding . Since the j oint fitting member 
23 can be bonded by the resistance welding to the common rail 
body 20 made of middle or high carbon steel having higher 
extremely high pressure endurance, more compact body size of 
the common rail body 20 can be achieved . 

(4) The joint f ittingmember 23 is provided in the interior 
thereof only with the fluid passage 34 and the distributor 
pipe J3 or the distribution pipe extension cylinder J5 (refer 
to Figs. 14 to 16) , as disclosed in prior art, is not inserted 
into the interior of the j oint fitting member 23 . Accordingly , 
a smaller outer diameter of the pipe connection portion 32 
of the joint member 24, that is, a smaller size (for example, 
M12) of the pipe mounting screw thread 41 can be employed so 
that the pipe joint structure is more compact, or strength 
of the joint fitting member 23 may be sufficiently assured 
due to thicker wall . thickness of the joint fitting member 23. 

A second embodiment is described with references to Figs . 
4 and 5. The same reference number as the first embodiment 
is assigned to the substantially similar functional component 
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in the second and the subsequent embodiments. 

According to the second embodiment, the joint fitting 
member 23 is provided on an outer circumference thereof with 
the first screw thread 29 (male screw thread) , instead of the 
first screw thread 29, which is the female screw thread, 
provided in the inner circumference of the insertion hole 28 
of the j oint f ittingmember 23 in the first embodiment . Further , 
the joint member 24 is provided radially outside the joint 
fitting member 23 and coaxially with the insertion portion 
31 with a cylindrical portion 44. The cylindrical portion 
44 is provided on an outer circumference thereof with the 
hexagonal bolt head portion 33 and on an inner circumference 
thereof with the second screw thread 35 (female screw thread) , 
instead of the second screw thread 35, which is the male screw 
thread, provided on the outer circumference of the insertion 
portion 31 in the first embodiment. 

Similarly as the first embodiment, the second screw 
thread 35 is screwed into the first screw thread 29 so that 
the first and second flat surfaces 27 and 36 come in fluid 
tight surface contact with each other. The second embodiment 
has the same advantages as the first embodiment. 

A third embodiment is described with references to Figs . 
6A and 6B . 

According to the third embodiment, the joint member 2 4 
is provided inside the fluid passage 34 with an orifice 45. 
The orifice 45 serves to reduce fluid flow pulsation occurring 
in particular in the distribution pipe 7 (inj ector distribution 
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pipe 7) . It is not necessary to provide the orifice 45 in 
the common rail body 20, as shown in conventional pipe joint 
structure. Further, since the orifice 45 is provided in the 
joint member 24, the orifice 45 can be easily replaced. In 
particular, if data of the orifice 45 such as diameter of the 
orifice 45 are displayed at a visually open position as shown 
by a mark A in Figs 6A and 6B, a larger advantage is given 
to a maintenance purpose. 

A fourth embodiment is described with reference to Figs . 
7 and 8 . 

As shown in Fig. 7, the joint member 24 according to 
the fourth embodiment does not have the large hexagonal bolt 
head portion 33 positioned between the second screw thread 
35 and the pipe mounting screw thread 42 as provided in the 
first embodiment. The hexagonal bolt head portion 33 is used 
for rotating the joint member 24 so as to assembly the joint 
member 24 to the j oint f ittingmember 23 in the first embodiment . 
The j oint member 2 4 according to the fourth embodiment is formed 
in shape of a column having a uniform outer diameter. The 
second screw thread 35 and the pipe mounting screw thread 42 
have the same screw thread diameter (for example, M12) and 
continuously provided axially on the outer circumference of 
the joint member 24. That is, the joint member 24 according 
to the fourth embodiment is formed in shape of, so called, 
a stad bolt. 

Further, the fluid passage 34, which is provided inside 
the joint member 24, has the orifice 45 for reducing the fluid 
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flow pulsation generating in the distribution pipe 6,7. It 
is not always necessary to provide the orifice 45 in the fluid 
passage 34 of the joint member 24 to which the high pressure 
pump distribution pipe is j oined . The portions mentioned above 
are different from those of the first embodiment. 

As shown in Fig. 8, since the joint member 24 is formed 
in shape of the stad bolt, the second screw thread 35 is screwed 
into the first screw thread 29 by holding an end portion of 
the joint member 2 4 on a side of the pipe mounting screw thread 
42 and rotating the joint member 24 in use of a wrench 50. 

The wrench 50 is a stad bolt fastening wrench having a 
box 51 and a tool 52 for rotatably driving the box 51 . An inner 
surface of the box 51 is screw fastened by a given axial length 
to the pipe mounting screw thread 42 until an inner bottom 
of the box 51 comes in contact with the end of the joint member 
24 on a side of the pipe mounting screw thread 42 and, then, 
the box 51 is turned by the tool so that a rotating moment 
is applied to the joint member 24 on a side of the pipe mounting 
screw thread 42. 

Though a ratchet wrench is shown as the tool 52 in Fig. 
8, the tool 52 may be an electrically driven automatic tool, 
which makes it possible to automatically screw the second screw 
thread 35 into the first screw thread 29. 

The box 51 is provided on an inner circumference thereof 
with a female screw thread 53 to be screwed into the pipe mounting 
screw thread 42. A plate 54 and a ball 55 are accommodated 
in an interior of the box 51 . The plate 54 is positioned between 
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the female screw thread 53 and the inner bottom of the box 
51. The ball 55 is positioned between the plate 54 and the 
inner bottom of the box 51. 

Processes of assembling the j oint member 24 to the j oint 
fitting member 23 are shown below. 

At first, the female screw thread 53 of the box 51 is 
screwed by the given length into the pipe mounting screw thread 
42 of the joint member 24 until the end of the joint member 
24 on a side of the pipe mounting screw thread 42 comes in 
contact with the inner bottom of the box 51 via the plate 54 
and the ball 55. 

Then, the box 51 is rotated so as to screw the second 
screw thread 35 of the joint member 24 into the first screw 
thread 29 of the joint fitting member 23, until the second 
flat surface 36 of the joint member 24 is pressed against the 
first flat surface 27 of the common rail body 20. After the 
second flat surface 36 comes in contact with the first flat 
surface 36, a larger rotating moment is applied to the tool 
52 for rotatably driving the box 51 so that the second flat 
surface 36 comes in strictly close contact with the first flat 
surface 27 to form the fluid tight sealing surface 37 
therebetween . 

Finally , as the tool 52 is rotated in a direction opposite 
to screw fastening direction (screw releasing direction) , the 
box 51 is rotated in reverse relative to the pipe mounting 
screw thread 42 since the ball 55 is in a point contact with 
and leaves easily from the inner bottom of the box 51 so that 
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the box 51 is easily removed from the pipe mounting screw thread 
42 . 

According to the fourth embodiment, as the joint member 
24 does not have the large hexagonal bolt head portion 33 between 
the second screw thread 35 and the pipe mounting screw thread 
42, an axial length of the joint member 24 is shorter so that 
the pipe joint structure is more compact. Accordingly, a 
smaller body size of the common rail 1 can be achieved, which 
results in easier installation of the common rail 1 in an engine 
room whose installation space is limited. 

Further, the shorter axial length of the joint member 
24 makes it possible even in the narrow engine space to secure 
sufficient space for easily connecting the distribution pipe 
6, 7 to the joint member 24. 

Furthermore, since the hexagonal bolt head portion 33 
is not provided in the joint member 24, a maximum diameter 
of the j oint member 24 is smaller so that the pipe j oint structure 
is more compact, which results in a smaller body size of the 
common rail 1. 

Moreover, since the hexagonal bolt head portion 33 is 
not formed in the joint member 24, even if the joint member 
24 is formed by machining, an amount to be cut by machining 
is smaller so that cost of the joint member 24 is lower, which 
results in lower cost of the common rail 1 including the pipe 
joint structure. 

A fifth embodiment is described with reference to Fig. 

10 . 
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The screw thread diameters of the second screw thread 
35 and the pipe mounting screw thread 42 are same (for example, 
M12) in the fourth embodiment . However, according to the fifth 
embodiment , the screw thread diameter of the second screw thread 
35 (for example, M14) is larger than that of the pipe mounting 
screw thread 42 (for example, M12) . The larger screw size 
of the second screw thread 35 is effective to enlarge an area 
of surface contact between the first and second flat surfaces 
27 and 36 . Accordingly, friction between the first and second 
flat surfaces 27 and 36 more increase so that screw fastening 
of the joint member 24 to the joint fitting member 23 is hardly 
released . 

A sixth embodiment is described with reference to Fig. 

10. 

Though the orifice 45 is provided in the joint member 
24 in the third, fourth or fifth embodiment, the orifice 45 
is provided in an orifice plate 61 (corresponding to a packing 
plate) sandwiched between the second flat surface 36 of the 
joint member 24 and the first flat surface 27 of the common 
rail body 20 according to the sixth embodiment. The orifice 
plate 61 is a disk plate having a center through-hole through 
which the fluid passage 34 of the joint member 24 communicates 
with the through-hole 26 of the common rail body 20 . The center 
through-hole, whose inner diameter is relatively small , serves 
as the orifice 45. Since the orifice 45 is provided in the 
orifice plate 45 which is a separate body from the joint member 
24, fabrication of the orifice 45 is easier, which results 
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in higher productivity. 

It is preferable that the orifice plate 61 is made of 
material (for example, cupper) elastically or resiliently 
easily deformable upon application of relatively stronger 
force so as to fluid tightly seal between the first and second 
flat surfaces 2 7 and 36 . After the orifice plate 61 is assembled 
in the interior of the joint fitting member 23 bonded to the 
common rail body 20, the second screw thread 35 of the joint 
member 24 is screwed into the first screw thread 29 of the 
joint fitting member 23 so that the second flat surface 36 
is pressed via the orifice plate 61 against the first flat 
surface 27. Accordingly, the orifice plate 61 reliably seals 
between the joint member 24 and the common rail body 20. 

Even if each flatness accuracy of the first and second 
flat surfaces 27 and 36 is not so high, the orifice plate 61 
serves to effectively seal between the joint member 24 and 
the common rail body 20. The sixth embodiment has the same 
advantages as the first embodiment. 

A seventh embodiment is described with reference to Fig. 

11 . 

According to the seventh embodiment, the joint fitting 
member 23 is provided at an inner circumferential end on a 
side of the common rail body 20 with an inner diameter guide 
portion 62 whose inner diameter is slightly smaller than a 
minimum diameter of the first screw thread 29 . The j oint member 
24 is provided at an outer circumferential end on a side of 
and beyond the second screw thread 35 with an outer diameter 
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guide portion 63 , which is inserted into the inner diameter 
guide portion 62 with a small clearance therebetween at a final 
stage when the second screw thread 35 is screwed into the first 
screw thread 29. 

The inner and outer diameter guide portions 62 and 63 
serves to secure more accurate position of the joint member 
24 relative to the joint fitting member 23. 

A eighth embodiment is described with reference to Figs . 
12A and 12B. 

In the fourth embodiment, the second screw thread 35 
is screwed into the first screw thread 29 by rotating the joint 
member 24 relative to the joint fitting member 23 in a state 
that a part of the pipe mounting screw thread 42 is held by 
the stad bolt fastening wrench 50. However, according to the 
eighth embodiment, the fluid passage 34 of the joint member 
24 is provided at a position immediately adj acent to the conical 
pressure receiving seat 39 with a hexagonal hole 64 as shown 
in Figs. 12A and 12B. After a hexagonal wrench (not shown) , 
whose external form has a hexagonal pillar shape, is inserted 
into the hexagonal hole 64, the hexagonal wrench is rotated 
to give rotational moment to the joint member 24. Without 
providing the hexagonal bolt head portion 33 formed at the 
outer circumference of the joint member 24 between the second 
screw thread 35 and the pipe mounting screw thread 42, the 
joint member 24 can be rigidly screw fastened to the joint 
fitting member 23 by turning the hexagonal wrench inserted 
into the hexagonal hole 64. 
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A ninth embodiment is described with references to Figs . 
13A and 14B. 

According to the ninth embodiment, the joint member 2 4 
is provided on an outer circumference thereof with a plurality 
of wrench grooves 65 spaced circumf erentially at given 
intervals and extending axially so as to cross the pipe mounting 
screw thread 42, as shown in Figs 13A and 13B. BY rotating 
a groove engagement wrench (not shown) having a plurality of 
projections each of which is inserted into and engaged with 
each of the wrench grooves 65, rotational moment is applied 
to the joint member 24, the joint member 24 can be rigidly 
screw fastened to the j oint fitting member 23 without providing 
the hexagonal bolt head portion 33 formed at the outer 
circumference of the joint member 24 between the second screw 
thread 35 and the pipe mounting screw thread 42. 

The embodiments mentioned above show examples in which 
the orifice 45 is provided in the joint member 24 to which 
the injector distribution pipe 7 is joined or provided in the 
orifice plate 61 sandwiched between the joint member 24 and 
the common rail body 2 0 . However, the orifice 45 is not always 
essential to achieve the pipe joint structure of the present 
invention . 

In the embodiments mentioned above, though the joint 
fitting member 23 is bonded to the common rail body 20, as 
an example, by the resistance welding, the j oint fitting member 
23 may be bonded to the common rail body 20 by any bonding 
means (for example, by blazing) . 



27 



The embodiments mentioned above show an example of the 
pipe joint structure in which the distribution pipe 6, 7 is 
connected to the common rail 20 (vessel) . However, the present 
invention may be applied to a pipe joint structure in which 
a pipe (for example, refrigerant pipe) is connected to a vessel 
(for example, one of parts constituting a refrigeration cycle) . 
The fluid flowing in the pipe is not limited to liquid fuel 
but may be the other liquid or gas. 

The pipe joint structure may have a sealing material 
such as a packing sandwiched between the joint member 24 and 
the common rail body 20 to ensure the fluid tight sealing 
therebetween . 
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